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(54) Auto focus camera 

(57) An image pickup signal extracted by a gate cir- 
cuit (8) is applied to a brightness signal generating cir- 
cuit (9) and a brightness signal is generated. By a high 
pass filter (10), high frequency component of the bright- 
ness signal is extracted. A digital integrator (11) inte- 
grates high frequency signals of one image plane, and 
outputs the result as an evaluating value to a CPU (12). 
CPU (12) detects a situation where there are two peaks 
FIG. 1 



of focus evaluating values and the position having max- 
imum focus evaluating value does not correspond to the 
optical in-focus position, and drives a focus motor (13) 
such that a focus lens (1 ) is set at an position where the 
focus evaluating value is smallest between the two 
peaks. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an auto focus cam- 
era. More specifically, the present invention relates to 
an auto focus camera in which a lens of a digital still 
camera is driven to an in-focus position. 

Description of the Background Art 

Conventional photographic cameras adopt optical 
auto focusing such as phase difference detecting 
method. In a digital still camera, a video signal from an 
image pickup device such as a CCD (Charge Coupled 
Device) is used for evaluating a state of focus control, as 
it is advantageous in that there is no parallax essentially, 
and that highly accurate focusing is possible even when 
the depth of field is shallow or when an object is at a 
long distance. Further, any special sensor for auto 
focusing is not required, which leads to very simple 
structure. 

An example of such an auto focus camera is dis- 
closed in Japanese Patent Laying-Open No. 3-68280. 
This reference discloses a technique for speeding up 
focusing operation in which a focus lens is moved 
between an infinite focusing position and a close focus- 
ing position step by step, with each step being relatively 
large, focus evaluating value of each step is obtained, 
and the focus lens is moved close to a position corre- 
sponding to the maximum focus evaluating value over 
the distance to the object. Thereafter, the focus lens is 
moved step by step with each step being smaller, near 
the optimal object distance. The maximum evaluating 
value is found among the focus evaluating values of 
respective small steps, whereby the speed of focusing 
operation is increased. 

Fig. 5 shows relation between the lens position and 
the focus evaluating value. As shown in Fig. 5, gener- 
ally, the focus evaluating value is highest at the in-focus 
position, and it decreases as the amount of defocus 
increases. 

As already described, in auto focusing operation, 
the focus lens is normally driven such that the maximum 
focus evaluating value is attained. However, where the 
object to be photographed has low illuminance and 
there is a portion having high brightness in the photo- 
graphing field, as shown in Fig. 6, the focus evaluating 
value at the in-focus position tends to be low, while the 
focus evaluating value tends to be higher at a position 
further out of focus. 

More specifically, when there is a clear and bright 
object at apposition of Fig. 6(a) while there are objects 
which are not sharp at positions of Fig. 6(b) and (c), ris- 
ing edges of video signals corresponding to portions 
having high brightness become acute and high fre- 
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quency component increases, as the amount of defocus 
increases, at objects 6(b) and 6(c). When the position of 
the focus tens is set so as to attain the maximum focus 
evaluating value in such situation, the lens is focused on 
5 the position (b) or (c) of Fig. 6, and not well focused on 
the desired object. 

SUMMARY OF THE INVENTION 

w Therefore, an object of the present invention is to 
provide an auto focus camera capable of driving a focus 
lens to an in-focus position even when there are two 
peaks of focus evaluating values in a situation where 
illuminance is low and a highly bright portion exists in 
is the photographing field. 

Briefly stated, the present invention provides an 
auto focus apparatus for driving the focus lens to a posi- 
tion where high frequency component of a video signal 
output from an image pickup device is maximized, in 
20 which evaluating values generated based on the hjgh 
frequency component are detected by a evaluating 
value detecting circuit, and in response to detection of 
two peak evaluating values, the focus lens is set by a 
lens driving circuit at a position where the lens is 
25 focused at a prescribed distance. 

Therefore, according to the present invention, focus 
evaluating values of the entire focusing area are meas- 
ured and when there are two peaks of focus evaluating 
values, the lens is driven such that the lens if focused at 
30 a prescribed distance. Therefore, significant defocus 
can be avoided. 

In a preferred embodiment, a position correspond- 
ing to the lowest evaluating value between the two peak 
values detected by the evaluating value detecting circuit 
35 is regarded as the in-focus position, and the lens driving 
circuit drives the lens to the in-focus position. 

More preferably, the video signal output from the 
image pickup device is converted by an A/D converting 
circuit to a digital signal, brightness signal component is 
40 extracted from the video signal which has been con- 
verted to the digital signal, by a brightness signal gener- 
ating circuit, high frequency component is extracted 
from the provided brightness signal component by a fil- 
ter circuit, and applied to the evaluating value detecting 
45 circuit. 

In a preferred embodiment, the lens driving circuit 
drives the lens first to an infinite focusing end in the ini- 
tial state and thereafter moves the lens to the closest 
focusing point, and in response to detection of two peak 
so values therebetween, sets the lens at the in-focus posi- 
tion. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
55 the present invention when taken in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an embodiment of 
the present invention. 

Fig. 2 is a flow chart showing the overall operation 
of one embodiment of the present invention. 

Fig. 3 is a flow chart showing former half of an auto 
focus processing subroutine shown in Fig. 2. 

Fig. 4 is a flow chart showing latter half of the auto 
focus processing subroutine. 

Fig. 5 shows relation between the lens position and 
the focus evaluating value. 

Fig. 6 shows relation between the in-focus position 
and the evaluating value when illuminance is low and a 
highly bright portion exists in the object. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 is a schematic block diagram showing an 
embodiment of the present invention. Referring to Fig. 
1. a CCD element 2 photo-electrically converts incident 
light entering through lens 1, and outputs a resulting 
image pickup signal to an A/D converter 3. A/D con- 
verter 3 converts the image pickup signal to digital 
image data, and outputs the data to a signal processing 
circuit 4. Signal processing circuit 4 performs white bal- 
ance correction and y correction on the digital image 
data. A DRAM 5 stores image data corresponding to 
one image plane corresponding to the image pickup sig- 
nal obtained immediately after pressing of a release 
switch, not shown. 

A processing circuit 6 performs known signal 
processing such as color separation on the image data 
corresponding to one image plane stored in DRAM 5, 
and performs image compression by software, and the 
compressed image data is stored in a flash memory 7 in 
the succeeding stage. Further, processing circuit 6 
decompresses the compressed image data read from 
flash memory 7, applies the decompressed data to a liq- 
uid crystal monitor, not shown, whereby the picked up 
image is displayed. 

Further, image data stored in DRAM 5 is applied to 
a gate circuit 8, image data at the central portion of an 
image is extracted for auto focus control and applied to 
a brightness signal generating circuit 9. Brightness sig- 
nal generating circuit 9 generates a brightness signal 
from the extracted image data, and a high pass filter 
(HPF) 10 extracts high frequency component from the 
brightness signal and applies it to a digital integrator 1 1 . 
Digital integrator 1 1 integrates the high frequency com- 
ponent of one image plane, and outputs the result as an 
evaluating value, to CPU 12. CPU 12 drives motor 1 3 for 
auto focus control in accordance with a program repre- 
sented'by the flow chart of Figs. 2 and 3, and lens 1 is 
driven in the direction of the arrow, thus realizing auto 
focus control. 

Fig. 2 is a flow chart representing an operation of 
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one embodiment of the present invention, and Figs. 3 
and 4 are flow charts showing an auto focus processing 
subroutine shown in Fig. 1 . 

Specific operation of one embodiment of the 
5 present invention will be described with reference to 
Figs. 1 to 4. Referring to Fig. 2, CPU 12 waits for a 
pressing of the release switch. When it is determined 
that the release switch is ON in step (SP in the figure) 
SP1 , auto focus process of step SP2 is performed, and 
10 in step SP3, image pickup signal is taken and signal 
processing is performed. Auto focus processing is in 
accordance with the flow charts of Figs. 3 and 4. Refer- 
ring to Fig. 3, in step SP4, areas for "MAX DATA", 
"PEAK STACK", "PEAK DET\ "DATA STACK", and 
is "PEAK CNT in an RAM (not shown) contained in CPU 
12 are cleared, and FFFF H is stored in "MINI DATA" 
area, and in this manner, initialization is completed. In 
step SP5, CPU 12 drives focus lens 1 to an oo end point, 
which is the start position for auto focusing, by a focus 
20 motor 13. Thereafter, control waits for the lapse of one 
vertical scanning period, as exposure period to obtain 
data at this focus position. 

In step SP6, for synchronous processing with verti- 
cal synchronization, control waits for the head of the 
25 vertical scanning period, and when the head is found, 
an output value from digital integrator 11, which is the 
evaluating value at present is stored in "DATA" area of 
the RAM, and position of the focus lens corresponding 
to the evaluating value is stored in "FPOS" area in step 
30 SP7, and in step SP8, focus lens 1 is moved by a pre- 
scribed amount to the closer focusing position by focus 
motor 13. 

In step SP9, whether "DATA" corresponds to "MAX 
DATA", that is, whether it represents the maximum value 

35 of focusing is determined. If it is the maximum value, 
then the position of the focus motor which has been 
stored in "FPOS" area is stored in "AFPOS" area, and 
the value in "DATA" area is stored in "MAX DATA" area. 
If the data is not the maximum value, in step SP1 1 , how 

40 many peaks has been counted by "PEAK CNT" is deter- 
mined. If "PEAK CNT" is 1 and a peak has been 
detected, in step SP12. whether "DATA" is smaller than 
the initially set "MINI DATA" is determined. If "DATA" is 
smaller than "MINI DATA", the focus motor position of 

45 "FPOS" is stored in "MINI POS". and "DATA" is stored in 
"MINI DATA" area. 

Referring to Fig. 4, if the data is not larger than the 
last evaluating value in step SP14, if it is determined 
that any peak is not yet detected in step SP15. if it is 

so determined that the evaluating value is smaller than the 
value of "PEAK STACK" in step SP16 and if it is deter- 
mined that decrease from the peak value is larger than 
a prescribed value a in step SP17, then it is determined 
that a peak is detected, a "PEAK DET" flag is set and 

55 "PEAK CNT" is incremented in step SP19. 

Even when it is determined in step SP17 that 
decrease from the peak value is smaller than the pre- 
scribed value a, it is considered that the peak value is 
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attained, if the position of the focus lens is at the closest 
focusing point in step SP18. Therefore, *'PEAK DET" 
flag is set and "PEAK CNT" is incremented. The pre- 
scribed amount a is set taking into consideration the fact 
that the evaluating value includes noise component in 
advance, and when the evaluating value attains to the 
peak value and thereafter falls by the prescribed 
amount a. it can determined that the true peak is 
attained, even when there is the influence of noise. 

When it is determined that the data is increased 
from the last evaluating value in the above mentioned 
step SP14, then "PEAK DET" flag is cleared and the 
present evaluating value is stored in "PEAK STACK" as 
updated maximum value, in step SP20. Even when the 
evaluating value is increased, it is determined as the 
peak value when the focus lens position is at the closest 
focusing point, and therefore "PEAK DET" flag is 
cleared and "PEAK CNT" is incremented. 

In step SP22. the present evaluating value is stored 
in "DATA STAQK". In step SP23, whether auto focus 
processing in every focus area is completed or not is 
determined. If not, the flow returns to step SP6 and the 
operation of steps SP6 to SP23 is repeated. When it is 
determined in step SP24 that "PEAK CNT" is 2, a focus 
lens position where in-focus state is attained at an inter- 
mediate distance, or a focus lens position where the 
evaluating value is minimum and "PEAK CNT" 1 (focus 
lens position smallest between two peaks), is set in the 
area of "AFPOS". Then, in step SP26, the focus lens is 
driven to the position corresponding to "AFPOS" and 
auto focus processing is completed. By performing the 
process along such a flow chart, when there is a peak of 
the focus evaluating value at the correct in-focus posi- 
tion as in the case of Fig. 5, the step SP 25 is skipped, 
the lens is moved to the lens position corresponding to 
the peak value and stopped at the position, thereby 
completing focusing operation. Meanwhile, when there 
are two peaks, that is, one on the infinite side and one 
on the closer side as shown in Fig. 6, the tens positions 
corresponding to the peak values are not regarded as 
the in-focus positions. In this situation, by the process- 
ing in step SP 25, the lens is moved to a predetermined 
position at an intermediate distance between the infinite 
point and the closest point, or to a lens position assum- 
ing the minimum focus evaluating value, stopped at that 
point and focusing operation is completed. 

As described above, according to one embodiment 
of the present invention, where illuminance is low and a 
portion having high brightness exists in the object, if a 
situation in which there are two peaks of focus evaluat- 
ing values and the position corresponding to the maxi : 
mum focus evaluating value does not correspond to the 
optical in-focus position is detected, focus lens 1 is set 
to a position where the focus evaluating value is mini- 
mum between the two peaks, so that significant defocus 
can be avoided. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 



same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 

5 

Claims 

1 . An auto focus apparatus for driving a focus lens ( 1 ) 
to a position where high frequency component of a 

w video signal output from an image pickup device (2) 
attains a maximum value, comprising: 

evaluating value detecting means (11) for 
detecting an evaluating value generated based 

is on said high frequency component; and 

lens driving means (12, 13) responsive to 
detection of two peak evaluating values by said 
evaluating value detecting means, for setting 
said focus lens to a position bringing the focus 

20 lens in-focus at a prescribed distance,. 

2. An auto focus apparatus according to claim 1, 
wherein 

said lens driving means drives said lens, 
25 regarding a position where the evaluating value is 
lowest between the two peaks detected by said 
evaluating value detecting means, as an in-focus 
position. 

30 3. The auto focus apparatus according to claim 1, fur- 
ther comprising: 

A/D converting means (3) for converting the 
video signal output from said image pickup 

35 device to a digital signal; 

brightness signal generating means (9) for 
extracting brightness signal component from 
the video signal converted to the digital signal 
by said A/D converting means; and 

40 filter means (10) for extracting high frequency 

component from the brightness signal compo- 
nent extracted by said brightness signal gener- 
ating means and applying the extracted 
component to said evaluating value detecting 

45 means. 

4. The auto focus apparatus according to claim 2, 
wherein 

said lens driving means drives said lens to 
50 an infinite focusing end in an initial state, moves the 
lens to a closest focusing point side, and in 
response to detection of said two peak evaluating 
values therebetween, drives said lens to the in- 
focus position. 

55 
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FIG. 2 
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FIG. 3 
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FIG. 6 
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